Objective: To gather current evidence on the use of fiber for constipation treatment in pediatric patients. Source of data: Systematic review with meta-analysis of studies identified through Pubmed, Embase, LILACS and Cochrane databases published up to 2016. Inclusion criteria: Randomized controlled trials; patients aged between 1 and 18 years and diagnosed with functional constipation receiving or not drug treatment for constipation; articles published in Portuguese, English, Spanish, French, and German in journals accessible to the researchers. Synthesis of data: A total of 2963 articles were retrieved during the search and, after adequate evaluation, nine articles were considered relevant to the study objective. A total of 680 children were included, of whom 45% were boys. No statistical significance was observed for bowel movement frequency, stool consistency, therapeutic success, fecal incontinence, and abdominal pain with fiber intake in patients with childhood constipation. These results should be interpreted with care due to the high clinical heterogeneity between the studies and the methodological limitation of the articles selected for analysis. Document downloaded from http://www.elsevier.es, day 12/03/2018. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited. Document downloaded from http://www.elsevier.es, day 12/03/2018. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.
Introduction
In pediatrics, constipation is defined as a delay in or resistance to evacuate, with a history of two or fewer bowel movements per week, associated with fecal incontinence, fecal retention, and/or pain during bowel movement. 1, 2 It is classified as functional when, after clinical evaluation and physical examination of the pediatric patient, it cannot be attributed to any intestinal or extra-intestinal disorder, according to the ROME IV consensus. 2 Functional constipation is the result of voluntary fecal retention by the child or adolescent related to the fear of evacuating. After frequent unsuccessful attempts to evacuate, a vicious cycle is created: the greater the refusal to evacuate, the greater the stool retention, which will dry out and increase in volume, thus causing more discomfort. 1, 3 Constipation is frequently observed in the pediatric age group, being the main complaint in 3---5% of consultations with pediatricians and in 25% of consultations with pediatric gastroenterologists. 4, 5 Worldwide, the prevalence ranges from 3% to 29.6% 6, 7 ; in Brazil, it ranges between 17.5 and 38.4%, 4, 8 due to the different diagnostic criteria used for the definition of functional constipation. Its peak incidence occurs during the sphincter training phase, affecting both genders and with no differences between social classes, 1, 2 homogeneously affecting all age ranges. 7 When chronic, functional constipation has a negative impact on the quality of life of pediatric patients and their families. 5, 6 A low dietary fiber intake has been considered a risk factor for the development of functional constipation, 9 and the increase in fiber consumption is an important factor in its prevention and treatment. 4, 10 Dietary fibers are divided into insoluble and soluble. Insoluble fibers increase the fecal volume because they resist the action of digestive enzymes and the colonic microflora, absorbing water from the intestinal lumen. Soluble fibers, fermented by the intestinal flora, release adsorbed water and produce fatty acids that result in the co-absorption of electrolytes and fecal water. 11 Usually, the initial treatment of constipation in children and adolescents consists in the prescription of fibers by
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Fibers in childhood constipation treatment 3 most healthcare professionals. 12, 13 However, there is still no clear evidence to corroborate the routine use of fiber supplementation in this population's diet as part of functional constipation treatment. 10, 14 One of the most recent recommendations in the literature on the management of functional constipation in children and adolescents, the consensus of the European Society for Pediatric Gastroenterology, Hepatology, and Nutrition ---North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN ---NASPGHAN) of 2014, emphasized for the first time that there was no evidence to justify the prescription of fiber.
14 This consensus was based on scientific articles published until the year 2011. Aiming to gather more current evidence on the use of fibers in the treatment of functional constipation in pediatric patients, a systematic review with meta-analysis was proposed.
Methods
This was a systematic review with meta-analysis of randomized controlled trials, with a convenience sample including all articles identified in the search. The studies were identified through a search carried out in the Pubmed, Embase, Lilacs and Cochrane databases. For the search, structured Medical Subject Headings (MeSH) terms were used for PubMed, Emtree for Embase, and Health Sciences Descriptors (DeCS) for Lilacs. The authors also searched for relevant bibliographical references in the gray literature.
The search strategy in the Pubmed database included: Randomized controlled trials (written in Portuguese, English, Spanish, French, and German, published in journals accessible to the researchers) with patients aged between 1 and 18 years, without breast milk consumption and with a diagnosis of functional constipation receiving or not medical treatment for constipation were considered eligible. Studies in which fiber use was not associated with the treatment of functional constipation and studies with incomplete data were excluded.
Tw o reviewers independently assessed the titles and abstracts of the studies identified during the electronic search, in accordance with the previously established eligibility criteria. In the absence of adequate information in the abstract, the full-text articles were assessed. The reviewers' assessment was not masked regarding the authors and the results of the studies. A third reviewer was invited to participate in case of divergence regarding the articles selected by the first reviewers. After a consensus was achieved, all studies retrieved were stored in the EndNoteWeb program (EndNoteWeb, Microsoft ® , WA, USA). The Cochrane tool was used to assess the risk of bias in the studies, 16 as well as the Jadad scale, 17 which allows rating the quality of the studies through five simple questions, with a value of 0 ---5 points being assigned to each study; a score equal to or lower than 3 reflects a lower quality study.
The studies were grouped for the meta-analysis. Dichotomous variables were expressed as proportions (percentage) and continuous variables as mean and standard deviation (SD). The summary measure based on the standardized mean difference (SMD) was used for continuous variables and odds ratio (OR) was used for binary variables. These summary measures and their respective 95% confidence intervals (95% CI) were obtained from a random effect model. The inconsistency test (I 2 ) was used to assess the heterogeneity between the studies. Only one analysis per subgroup was performed, due to the small number of available articles. A p-value < 0.05 was considered as statistically significant.
Mozaffarpur et al. categorized fecal consistency data based on a visual scale ranging from 0 to 100, with 0 defining soft and comfortable consistency and 100, hardened. 18 As this scale uses a reverse value direction when compared with the Bristol Scale (1---7, with 1 being very hard and 7 liquid stool), 19 the means were subtracted from the scale's maximum value to reflect the results obtained in the other scales, as suggested by the Cochrane Handbook for Systematic Reviews of Interventions. 16 Nimrouzi et al. showed stool frequency and fecal consistency as median and IQ (interquartile range), 20 as Chmielewska et al. presented the evacuation frequency results. 21 The conversion calculation into means described by the Cochrane Handbook for Systematic Reviews of Interventions was used by subtracting the IQ values and subsequent division by 1.35. 16 A sensitivity analysis was performed excluding the two articles of each outcome in which they were included.
Kokke et al. presented the results of fecal consistency as mean and statistical significance (p-value) for the Student's t-test, not presenting the SD, 22 which was calculated based on the calculations available in the Cochrane Handbook for Systematic Reviews of Interventions. 16 Weber et al. used therapeutic failure as the primary outcome, considering the therapeutic success in the final analysis as the total number of participants in the study minus the percentage of failure. 23 Moreover, the patients' individual data of this study were obtained directly from the researchers and were calculated as mean and SD.
The sensitivity analysis was performed through the sequential omission of each study, using one-by-one exclusion for each mentioned outcome. Forest plot charts were Selected a rticles n = 309
Full-text articles assessed n = 42
Articles excluded after full-text analysis n = 32
Total of articles includ ed in the meta-a nalysis (n = 9)
Article exclud ed after fulltext review due to missing data n = 1
Articles retrieved during the search in electronic databases Total = 2,963
Articles included after removal of dupli cates n = 2,772 Articles exclud ed aft er title review n = 2,463
Total of a rticles includ ed in the systematic review (n = 10)
Articles exclud ed after summary review n = 267 
Results
A total of 2963 articles were retrieved. Of these, 191 were removed because they were duplicated, 2463 were excluded after title analysis and 256 after reading the abstract. After the complete assessment of the articles, 32 did not meet the inclusion criteria of the study and one article did not depict its data correctly. In the end, nine articles were considered relevant, 18,20---27 as shown in the flowchart (Fig. 1) . A total of 680 children were included, 45% of whom were boys (only the study by Ustundag et al. did not provide this information). 24 The characteristics of the included studies are depicted in Table 1 .
Most studies chose to use evacuation frequency, stool consistency, and/or treatment success as primary outcomes, despite the diversity when defining the criteria for treatment success. The study by Ustundag et al. did not mention primary outcomes, only secondary. 24 Evacuation frequency was reported in nine studies. The results indicated that there was no significant increase in the number of bowel movements per week in the fiber group when compared with the control group, with SMD = 0.15 (95% CI = −0.12 to 0.42, p = 0.29; I 2 = 67%, p = 0.002; Fig. 2 ). Stool consistency was assessed by eight studies and in six of them it was categorized as the mean bowel movements according to the Bristol Scale. The study by Mozzafarpur et al. used a visual scale ranging from 0 to 100. 18 The study by Castillejo et al. provided dichotomous data and was not included in the final analysis. 25 The results showed that there was no statistically significant difference between the fiber group and the control group, with SMD = −0.05 (95% CI = −0.41 to 0.30, p = 0.76; I 2 = 79%, p < 0.0001; Fig. 3 ). Therapeutic success was evaluated by six studies. The final results showed that there was no statistically significant difference between the fiber and control groups with OR = 1.68 (95% CI = 0.88---3.22, p = 0.12; I 2 = 60%, p = 0.03; Fig. 4 ). There was great discrepancy in the definition of therapeutic success used by each author ( Table 1) .
The analysis per subgroup was performed, comprising the separate evaluation of the outcomes: evacuation frequency, fecal consistency, and therapeutic success, between studies using placebo or laxative drugs as control vs. fibers as intervention. No outcome showed a statistically significant change in subgroup results (Figs. 5 ---7 ) . Nonetheless, a trend favoring fibers was observed, when compared with 
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Figure 4
Meta-analysis of the selected studies comparing fibers and control for therapeutic success.
placebo, for the evacuation frequency (p = 0.06), which was not observed in the fiber vs. laxative drug analysis (p = 0.81).
In the sensitivity analysis through one-by-one exclusion of the studies, the consistency of the main results was observed. No significant differences were observed after the simultaneous exclusion of Nimrouzi et al. and Chmielewska et al. 20, 21 results. The only exception was the exclusion of the article by Ustundag et al. regarding evacuation frequency, 24 which showed a significant increase of evacuations in the fiber group, with SMD = 0.24 (95% CI = 0.01---0.46; p = 0.04; I 2 = 47%). There is evidence of publication bias in the funnel plots of the outcomes evacuation frequency, stool consistency and therapeutic success. The bias risk assessment of the included articles showed a moderate degree of inconsistency due to the great heterogeneity of the studies and a high risk of selection, allocation, and blinding bias due to methodological deficiency of the article designs (Annex 1). Moreover, an analysis of the methodological quality of the articles was performed using the Jadad Scale, 17 which showed that most of the selected articles had adequate quality (Annex 2).
Discussion
Although functional constipation is one of the most prevalent diagnoses in the pediatric age group and one of the most frequent gastrointestinal manifestations in childhood, this area still shows a scarcity of studies, as only nine articles were included in this systematic review. The metaanalysis showed no statistical significance in any of the assessed outcomes. Moreover, it was not possible to study other outcomes, such as intestinal transit velocity, use of 
Figure 6
Meta-analysis of the selected studies comparing fibers and control by subgroup (fibers vs. laxative and fibers vs. placebo) for fecal consistency.
laxatives, presence of pain during bowel movement, and adverse effects after fiber intake, due to the absence of these data in the selected studies. No statistical significant difference was observed in the final analysis regarding the evacuation frequency, one of the main diagnostic criteria for constipation and its management, and an important well-being parameter in the pediatric age group. However, in the sensitivity analysis after the exclusion of the article by Ustundag et al., 24 who used laxatives as control group and fibers as the intervention group, a significant increase in the evacuation frequency was observed with the use of fibers. Previous systematic reviews have also demonstrated an increased evacuation frequency with fiber supplementation. 28, 29 However, the systematic review by Gordon et al. 30 showed no difference in evacuation frequency in this population.
Fecal consistency is a diagnostic criterion for constipation, and is a factor that generates pain and worsens the quality of life of constipated children and adolescents. In the present study, however, no statistically significant difference was observed in the final analysis. The same result was found in another systematic review. 28 The therapeutic success outcome showed the highest degree of heterogeneity, due to the varied definitions used by the authors. No statistically significant difference was observed in the final analysis, a similar result to that found in previous systematic reviews. 28, 29, 31 However, two other systematic reviews, one using glucomannan vs. placebo 32 and another psyllium vs. placebo, 33 showed that these fibers could be beneficial for functional constipation treatment.
Although the subgroup analysis showed no statistically significant differences between the analyzed outcomes, a trend was observed favoring fiber use when compared with placebo in increasing the evacuation frequency, a fact not observed in the comparison with laxatives. This fact makes sense from some biological standpoints, because the 
Figure 7
Meta-analysis of the selected studies comparing fibers and control by subgroup (fibers vs. laxative and fibers vs. placebo) for therapeutic success.
treatments were short lived and the use of laxatives in this situation should demonstrate better results than placebo. The ESPGHAN-NASPGHAN and the National Institute for Health and Care Excellence (NICE) consensuses recommend a normal fiber intake for children and adolescents with constipation, and do not recommend the use of dietary fiber supplements alone to treat functional constipation in the pediatric population, mainly due to the lack of scientific evidence to prove its efficacy and effectiveness. 14, 34 The ROME IV consensus only mentions the recommendation of adequate fiber intake for each age, emphasizing that there are no strong and well-designed studies that support the use of any dietary supplementation for the treatment of functional constipation in children and adolescents.
1,2 The present study reached the same conclusion, while demonstrating and creating new evidence to prove these claims.
New, well-designed, double-blind randomized clinical trials, using globally recommended and updated diagnostic criteria and treatment protocols for functional constipation are necessary in order to homogenize future publications on the use of fiber for constipation treatment in children and adolescents and, perhaps, to reproduce the efficacy of fiber supplementation use in the treatment of functional constipation.
Limitations
The low number of randomized clinical trials evaluating the use of fiber in the treatment of constipation in children and adolescents was a strong limitation of the study. For this reason, the authors chose to include articles with low methodological quality and those with in parallel and crossover groups in the final analysis.
High heterogeneity was found in all outcomes of the included studies. Most of the studies used different definitions of functional constipation, did not quantify fiber intake before and during the intervention period, and chose to use distinct interventions with different fiber types and individualized doses. Moreover, the studies differed regarding the statistical analysis and the use of different control groups, comparing the use of fibers with the use of placebo or laxatives. Still, there was a high rate of loss in some studies, which had a small number of participants.
The sensitivity analysis helped to explain the great heterogeneity among all the outcomes, but the subgroup analysis was limited by the low number of studies in the meta-analysis. The authors chose to use the random effects model due to the important heterogeneity of the study outcomes.
The standardized mean difference was used as an effect measure for the continuous outcomes, since the selected studies did not use the same scores to classify the outcomes. Additionally, it was necessary to standardize the provided results to combine them in the meta-analysis. This measure has methodological validity, but the final results are difficult to apply in daily clinical practice, since the clinical interpretation of the scores used is lost. The median transformation (IQ) was performed on a mean (SD), as recommended by the Cochrane Collaboration. 16 This transformation was performed due to the small number of articles in the literature, which can result in a greater risk of not including a study, since the selection bias or non-publication bias of studies can result in a more important influence.
The authors included studies whose quality of evidence was reduced by selection, allocation, and blinding biases and heterogeneity. The inclusion of these studies was considered appropriate due to the absence of others with better methodological criteria.
Conclusions
Based on the results of this systematic review with metaanalysis, there is no scientific evidence to corroborate the prescription of fiber supplementation in the diet of constipated children as part of the treatment of this condition. This meta-analysis may help in the current scenario, since there is a great scarcity of qualified studies to evaluate fiber supplementation in the treatment of functional constipation in children and adolescents, generating a low degree of confidence to estimate the real effect of this intervention in this population. Therefore, more studies with high methodological quality to evaluate the effects of fiber supplementation in the treatment of functional constipation are needed.
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